ABSTRACT Sensory anthropology has explored sensation as a fruitful but poorly examined domain of cross-cultural research. Curiously, sensory anthropologists have mostly ignored scientific research into sensation, even that which addresses cross-cultural variation. A comparative study in two Amazonian societies (Matsigenka, Yora [Nahua]) documented the role of the senses in medicinal plant therapy and benefited greatly from theoretical insights gleaned from sensory science. The study reveals a complex interweaving of cultural and Smell is a potent wizard that transports us across thousands of miles and all the years we have lived.
H
AD DESCARTES PROCLAIMED "Sentio ergo sum" (I sense, therefore I am), the history of Western philosophy would never have been quite the same. As a rationalist, however, Descartes had a profound mistrust of the senses. Later Cartesian philosophers and scientists showed a special disdain for the lower, "animal senses" of odor, taste, and touch. This mistrust of the senses is not unwarranted, as modern research has demonstrated that sensory perception indeed varies among individuals, populations, and cultural groups. Yet before we lose ourselves in a muddle of relativism, it is worth noting that both you and I and the proverbial Eskimo share many basic features of sensory physiology with lobsters (Ache 1991) , not to mention with one another. But to reiterate the rationalist's reservations in the vocabulary of modern sensory science, sensation is not a passive, merely receptive enterprise: It involves complex interactions between multiple sensory and cognitive pathways, showing variation according to age, sex, genetic factors, individual experience, and cultural conditioning (Doty 1986; Rozin 1990; Wysocki et al. 1991) . My interest in sensory perception emerged during field research on medicinal plant selection among two neighboring but linguistically unrelated indigenous societies of the Peruvian Amazon, the Matsigenka and Yora (Shepard 1999) . For both groups, plant medicines are identified and evaluated according to diverse sensory cues (e.g., taste, odor, color, texture) that reflect cultural models of illness and efficacy. General similarities were noted in the two groups' classifications of taste, odor, and other sense vocabulary but important differences were found in their sensory evaluations of medicinal plants. Illness theories and medicinal plant administration were also markedly different, reflecting contrasting notions of efficacy. Despite these important cultural differences, statistically significant similarities were found in the ecological and taxonomic characteristics of the two pharmacopoeia (Shepard 2002a) .
Seeking to understand these findings, I develop an approach that attends to the interwoven cultural and biological dimensions of sensation. I further discuss these results and outline a new sensory ecology (after Biersack 1999) , suggesting ways it might be applied to an array of anthropological questions.
SENSATION: ANTHROPOLOGICAL AND PSYCHOPHYSICAL INSIGHTS
The nascent subfield of sensory anthropology explores cross-cultural variation in sensory experience. Though many ethnographies (e.g., Turner 1967) have addressed sensation, Paul Stoller's The Taste of Ethnographic Things (1989) was the first to propose a decidedly sensual anthropology. Stoller calls on anthropologists to rise from the sensory desert of contemporary theory and pay attention to the way other cultures experience the world through the senses: Seeing may be believing in the rationalist West, but among the Songhay people, whom Stoller studied and later befriended, "one can taste kinship, smell witches, and hear the ancestors" (1989:5) .
In an ambitious mission statement, David Howes calls on sensory anthropologists to ascertain: "What is the relative importance and meaning of the different senses to the members of that culture? How does their culture's map of the senses differ from ours?" (1991:169) . This and other essays in the same volume describe myriad cultural variations of sensory experience but, disappointingly, eschew serious consideration of cross-cultural similarities, while dismissing and misrepresenting scientific research on sensation: "Perception is not simply a physical process ...as students of psychophysics have taught us to believe," declaims Howes (1991:188) , without citing any such statement by an actual "student of psychophysics."
Contrary to this caricature, the field of sensory science (or psychophysics) is far from reductionist, proposing complex interactions between culture, cognition, and sensory physiology. Major conferences and volumes on sensation include contributions concerning cross-cultural variation (Jellinek 1994; Lenti Boero 1994; Steele 1992) , some of which have cited Howes and other anthropologists. Unlike color perception (Berlin and Kay 1969) , taste-odor perception varies significantly across populations, age groups, between the sexes, during pregnancy, and in several neuroand psychopathologies (Doty 2003; Wysocki et al. 1991) . Inherent qualities of chemical substances appear to interact with genetic and dietary factors, individual background, and the social milieu to produce a variety of chemosensory experiences, preferences, and aversions (Doty 1986; Moskowitz et al. 1975; Rozin 1990) .
The anthropology of the body emerged as a paradigm for bridging the persistent, Cartesian divide between cultural and biological approaches in medical anthropology (Scheper-Hughes and Lock 1987) . For the most part, however, approaches to the body have been developed within the perspective of critical medical anthropology, emphasizing variable social meanings and political uses of body, self, anatomy, and physiology. Less attention has been paid to cross-cultural similarities or physiological correlates of body experience, including sensation (but see Dupire 1987) . Rather than assuming that psychophysical research is anathema, I suggest that anthropologists pay more attention to the extensive and fascinating scientific literature on sensation.
BACKGROUND AND METHODS
This research project was conceived as a controlled, crosscultural comparison of medicinal plant selection in two fairly isolated, culturally distinct indigenous societies living in the same environment. The research sought to elucidate how the two societies understand illness and efficacy, as reflected in the efficacious properties sought in plant medicines. Understanding how nonbiomedical therapies heal is among the most fundamental and yet elusive areas of ethnomedical inquiry. Medicinal plants and other ethnomedical therapies are sometimes found to have pharmacological activity or other empirical basis (Berlin and Berlin 1994; Browner et al. 1988; Etkin 1986; Johns 1990; Moerman 1991) . Yet, in other cases, medicinal plant use appears dominated by symbolic concerns with "little empirical derivation" (Turner 1967:356) . Even within the supposedly rational confines of biomedicine, the placebo effect confounds strictly mechanistic models of efficacy (Moerman 1983) . Claude Lévi-Strauss (1963) suggested that symbols themselves are efficacious, bringing order and meaning to the chaotic disruption of illness. Beyond its effects on the individual body, healing may address ills of the social body or reflect the interests and power structures of the "body politic" (Scheper-Hughes and Lock 1987) . An interdisciplinary approach to efficacy is essential if we hope to synthesize these disparate areas of inquiry. Sensory experience proves to be a crucial and poorly explored aspect of efficacy, lying at the very nexus in which medical ideas and medical materials meet to achieve therapeutic outcomes.
The methods used in this study emerge from the ethnoscience tradition, drawing especially on insights provided by biocultural studies of indigenous medicine and diet. Elaborating on Arthur Kleinman's (1980) concept of "the cultural construction of illness," Nina Etkin (1988) describes "cultural constructions of efficacy" that are implicit in the way local people understand and use traditional plant medicines and pharmaceutical drugs. Aztec headache remedies contain chemical ingredients that induce nosebleed, reflecting an illness model in which headaches are caused by excessive blood in the head (Browner et al. 1988) . Herbal therapy among the Warao of the Orinoco Delta operates according to a "pneumatic-allopathic" theory of efficacy: Each medicinal plant harbors a "therapeutic fragrant odor that upon ingestion displaces the pathogenic fetid odor" (Wilbert 1996:384) . Most medicinal plants used by the Tzeltal Maya of Chiapas are selected for specific taste or odor cues, especially bitterness (Brett 1998) . Herbal healers worldwide appear to use bitterness as a chemical cue for identifying alkaloids and other toxic secondary compounds, usually avoided in foods but sought out in medicines (Brett 1998; Etkin 1986; Johns 1990) .
Building on prior research begun in 1986, I completed my fieldwork during September 1995-February 1997. I was already fluent in Matsigenka and became thoroughly proficient in Yora. Illness categories, etiology, classification, and treatments were elicited from a sample of men and women from both groups (cf. Berlin and Berlin 1994) . A broad range of taste, odor, and other sensory vocabulary (see Table 1 ) was documented during ethnobotanical collections and analyzed in structured interviews. Botanical voucher Brett (1994) , the basic unit for analysis is the plant-illness pair: a certain plant, mentioned as a remedy for a certain illness and ascribed certain sensory or efficacious properties. A total of 740 plant-illness pairs were registered for the Matsigenka and 538 for the Yora.
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STUDY COMMUNITIES
The principal study communities lie within or adjacent to Manu Park in the rain forest of southeastern Peru (Figure 1 ). Yomybato and Tayakome, the two legally recognized Matsigenka communities within Manu Park, have a combined population of about four hundred and fifty. Several hundred more Matsigenka live in remote, isolated communities. The Yora once occupied numerous settlements throughout the Manu-Mishagua watershed until they were decimated by epidemics of respiratory diseases beginning in 1985. The survivors now live at Serjali along the upper Mishagua River with a population of about two hundred and seventy, including a small but politically dominant group of Yaminahua who, speaking a mutually intelligible dialect, served as guides for missionary and medical teams since the early days of Yora contact.
Although occupying adjacent territories, the Matsigenka and Yora belong to unrelated cultural-linguistic families and have not maintained friendly relations in recent times. The Matsigenka, currently numbering more than eleven thousand, belong to the Arawakan language family that predominates in the upper Ucayali and Urubamba river basins. The Yora, also known as "Nahua," "Shara," or "Yabashta," belong to a group of closely related Panoan languages (including Yaminahua) centered on the Purús River between Brazil and Peru and having a total population of about six thousand (Shepard 1999) . Just as the Matsigenka of Manu represent the extreme northeastern extension of Matsigenka territory, the Yora represent the extreme southwestern extension of Purús-Panoan territory. Both populations were forced to the fringes of their traditional territory and into conflict with one another as they sought refuge from slavery, violence, and epidemic illnesses during and after the "rubber fever" of . A half century of deadly Yora raids and sporadic warfare between the two groups came to an abrupt end in 1985, when the Yora succumbed to devastating epidemics in the wake of logging and petrochemical exploration of their territory (Shepard 2003) .
Though they live in adjacent territories and share certain basic ecological, economic, and historical traits, the Matsigenka and the Yora are strikingly different people, demonstrating quite distinctive physical features, cultural habits, and ethos. For example, the Matsigenka are reserved and stoic in their expression of strong emotions and pain (Shepard 2002c) , whereas the Yora express physical and emotional pain in exaggerated, melodramatic ways as part of daily social interactions. She scraped [very bitter liana] bark, wrapped in steaming leaves, steamed 10 minutes, applied very hot. When I inhaled sharply at pain of hot liquid, she said, "Don't make noises, don't show pain! You won't get better." She asked if it hurt, I said yes ...[her son] Max asked, "Otesetake?" Yes, it burned like hell.
CULTURAL CONSTRUCTIONS OF ILLNESS AND EFFICACY
Dina
-Field notes, August 18, 1996 Indigenous theories of illness demonstrate complex notions of etiology that traverse Western dichotomies such as mind-body, individual-society, culture-nature, and natural-supernatural (Izquierdo and Shepard 2004) . Health and well-being embrace physical, emotional, and spiritual states as well as harmony in productive, social, and environmental interactions. For Amazonian peoples, the cosmos reflects rain forest ecology (Reichel-Dolmatoff 1976) . Illness and misfortune are often interpreted through the metaphor of predation: Demons, illnesses, and dangerous spirits look on human beings as game animals to be hunted (Shepard 2002b; Viveiros de Castro 1992) . Matsigenka and Yora concepts of illness are likewise replete with metaphors of predation, revenge, and reciprocity between humans, animals, and spirits. In many cases the links between the elements in the predatory cycle are manifest through specific sensory experiences.
Sensation permeates Matsigenka and Yora experiences of medicine, ecology, and cosmology. One day during my fieldwork, I was in the forest with Nicolas Kashonti, a skilled Matsigenka bow hunter and father of a newborn baby. He was gathering a fragrant medicinal plant of the eucalyptus family (Myrtaceae) that his wife had requested. In Matsigenka, this plant is called the "komagiri leaf," in reference to the "komagiri," a piranhalike omnivorous fish (Piaractus brachypomum). Although many people had shown me the plant, demonstrated its citruslike odor, and described its medicinal use, Nicolas was the first to provide a clear statement of the underlying correlation between the plant, the fish, and their respective sensory properties:
Komagiri eats the seeds of shitiro [Gallesia integrifolia,agarlicky tree] when they fall in the river. Shitiro is very shiti (smelly, garlicky) and the smell infuses komagiri's flesh. When I eat komagiri, its spirit wants to snatch my baby's soul for revenge. The spirit is very smelly, like shitiro.I t frightens my baby and makes him sick. So my wife bathes him with komagiri leaf because it is very kasanka (fragrant). Komagiri smells the fragrance from afar, becomes afraid, and goes away. My baby stays happy and healthy.
[field notes, August 3, 1996] This explanation describes an organic network-a sensory ecology-of interactions between plants, animals, humans, and spirits, all mediated by sensation. In this and other examples, medicinal plant use reflects a highly structured theoretical framework. Illness theories, plant properties, and efficacy models fit together like pieces of a puzzle to reveal an underlying logical structure: a system as opposed to a haphazard assemblage of empirical, "trial and error" remedies (see Brett 1994:164) .
The Matsigenka attribute many gastrointestinal and skin conditions as well as ear, eye, and tooth infections to the activity of tiny, germlike worms (tsomiri) that enter the body and gnaw at the affected part. A similar rationale applies to two folk varieties of leishmaniasis (tsirivaito) skin lesion, attributed to the gnawing pincers of the click beetle (order Ilateridae) or the pulsating glow of the lightning bug (Lampyridae). These and other illnesses are treated by ingesting or applying plants with strong, noxious sensory properties (bitter, astringent, pungent, caustic, sour; see Figure 2 ). Such properties are manifestations of the plant's soul (osure), a holistic healing force that infuses (okitsitingakero) the herbal decoction and the body of the patient. Pathogenic agents react to noxious properties much like humans, suffering pain and discomfort, retreating, and at high enough doses, perishing. A penchant for unpleasant therapies reflects the stoic Matsigenka ethos (Shepard 2002c) . For the Matsigenka, many medicines are poisons (kepigari) and must be administered with care to avoid lethal toxicity. Such notions of efficacy reflect a clearly allopathic model in which medicines act through opposition, expelling illness from within the body.
Yora medicine shows a similar concern for predatory spirits and pathogens, however efficacy is construed in homeopathic terms. Yora herbs act like magnets to draw illness out of the body by virtue of their similarity to the illness-causing agent; likewise, the motto of Western homeopathy is "Similia similibus curantar" or "like cures like." Traditional Yora illnesses come mostly from malignant spirits (yõshi) that inhabit plants and invertebrate creatures such as wasps (wina), millipedes (xako), and earthworms (nõwi). The yõshi attack people "for no good reason" much like wasps.
The wasp gets mad when we pass by. Stings us for no good reason. And so when we walk past a plant, it has its madre [mother spirit] its yõshi that comes and stings us like a wasp. We're just walking past, that's all, minding our own business, and it gets mad at us for no good reason. "Damn!," says the wasp, "I'm going to kill that guy!" Whoever happens to be passing by, the wasp decides to kill. For no good reason ...But every wasp has its own plant, its own leaf. If we can't find the right wasp plant, the wasp kills us. But if we know the right plant, the one belonging to the wasp, we go and get it and make a warm compress, and soon we get better. [conversation with Jaime Atsawananima and José Nishpopinima, Serjali, November 21, 1996] Illnesses characterized by swelling, pain, fever, or bleeding are likened to the effects of wasp stings and, thus, "belong to wasps" (winana). Illnesses characterized by itching, festering, and pus are associated with the slimy bodies of earthworms or the bristly legs and caustic secretions of hard-bodied millipedes; 4 thus they "belong to" earthworms (nõwina) or millipedes (xakona). The sensory properties of medicinal plants mirror their spirit owners: Wasp plants (wina nisa) are mostly Fabaceae species (pea family) with spiny stems or blood-red latex (see Figure 3) ; millipede and earthworm plants (xako nisa, nõwi nisa) are mostly vines with rubbery, bristly, or latex-containing stems of the Apocynaceae (dogbane), Asclepiadaceae (milkweed), and Gesneriaceae (African violet) families. Thus the symptoms and pathogenic agents (spirit owners) of illness and the physical characteristics of medicinal plants are linked through shared sensory properties. In short, medicine and illness are the same, a concept summarized in the term rao, which unites illness, medicine, and poison into a single principle (see also Kensinger 1974; Tournon 1984; Townsley 1993) . Unlike the allopathic notion of medicine-as-poison among the Matsigenka, Yora medicines are poisons not through opposition but through similarity-indeed, identity with the pathogenic agent.
Disparate Matsigenka and Yora constructions of efficacy are reflected in their contrasting responses to Western medicines. The Matsigenka, accustomed to bitter and toxic plants, are cautious with pharmaceuticals and often resist taking antibiotic pills for more than a few days for FIGURE 3. The Yora use 20 species of spiny plants for treating heart pain and other "wasp illnesses" (1996) . ( c G. H. Shepard Jr.) fear of toxic effects. The Yora, by contrast, take pharmaceutical pills enthusiastically without regard to dosage or indications. In part, this attitude reflects the devastating toll of postcontact epidemics, and the life-saving power of antibiotics brought by outsiders. On another level, their lack of experience with bitter, ingested herbal medicines may contribute to this phenomenon. Furthermore, homeopathic notions may be at work. The Yora believe that only "white man medicine" (nawa rao) is effective for introduced "white man illness" (also called "nawa rao"). By contrast, allopathic-minded Matsigenka herbalists have responded to stronger (shintsiri), novel diseases such as tuberculosis, malaria, and gonorrhea by seeking out stronger, more bitter plants.
SHAMANISM AND THE SENSES
Thus is my song, my fragrant song They fear my song, the people of the night There they go, they flee from My fragrant song. Our sisters the Xoma Like them, my song is strongly fragrant Their fragrant adornments, their fragrant adornments come to me Iamfragrant as they are, I walk among them Our sisters the Xoma.
-excerpt from a Yaminahua healing song; Shepard, 1999:159 Few sensory experiences can match the furor and exaltation of the ayahuasca ritual of western Amazonian shamanism: the existentially bitter taste of the brew; the giddy alternating waves of nausea and euphoria; the showers of rainbow-colored fractals; the ethereal resonance of the shaman's chanting; a speechless sense of mystery and wonder; and the unshakeable sensation of being transported to a place beyond time, ordinary reason, and the laws of physics. Ayahuasca and other hallucinogens generate a multifaceted synesthesia, or mixing of the senses that is manifest in shamanistic concepts (Gebhart-Sayer 1986) . Matsigenka healing sessions take place in absolute darkness, since the faintest spark or illumination could burn the vulnerable, free-roaming souls of participants. By banishing ordinary sight, Matsigenka shamans open their perceptions to "true vision" (nesanotagantsi). Songs and other auditory cues play an important role in managing the content of collective trance. A packet of brittle leaves is used as a rattle to rekindle a waning trance, the flapping sound suggesting the wing beats of avian helper spirits or the shaman's own soaring soul. Matsigenka ayahuasca songs come directly from the spirits and are difficult to translate or interpret, as they contain much onomatopoeic, archaic, and nonordinary language. Not fully intelligible in ordinary consciousness, they derive their power from their acoustic properties augmented by hallucinogenic trance (Shepard 1998) . The Yora learned of ayahuasca only recently from the ambitious Yaminahua headman who has brokered their contact since 1985. They have fully embraced the new healing tradition and abandoned former rites involving other narcotic plants. Yaminahua and now Yora ayahuasca songs employ "twisted," metaphorical language to build complex narratives that act like paths, guiding the shaman safely through the ambiguous, dangerous spirit world (Townsley 1993) . Shamans (kokoti) call to demons, animal spirits, and other malignant forces, thereby drawing them together and bringing them under the song's power. Homeopathic principles permeate Yaminahua and current Yora shamanic healing: Western artifacts that produce heat and strong odors such as guns, motors, metal tools, and gasoline are invoked in healing songs for treating high fevers and other introduced illnesses (Shepard 2003) . After summoning the pathogenic forces, the shaman dispels them with fragrant (ini) songs mediated by perfumed helper spirits, the Xoma. Throughout the ceremony, the shaman passes a gourd of wild basil (Scutellaria sp.) infusion for participants to inhale, counteracting the bitter flavor of ayahuasca and promoting harmonious visions. The combined fragrance of herbs, Xoma spirits, and the shaman's song counteract the rotten smell of illness-causing yõshi spirits.
CHEMICAL SENSES
For me, the smell is sort of sickly sweet, like maraschino cherries or jellied fruits (as in fruitcake, pannetone). In evaluating medicinal plants, Matsigenka and Yora informants checked for diverse cues including taste, odor, pungency, color, form, texture, properties of latex or crushed leaves, and holistically assessed toxicity. Seeking a nonarbitrary way to organize the data, I turned to the psychophysical literature and found that scientific and indigenous descriptions of sensation illuminate one another in interesting ways. Scientists separate chemosensation into three basic modalities: taste, odor, and detection of irritation (Ache 1991) . Though the physiology remains poorly understood, each modality seems to possess distinct receptors and neural pathways. Using this framework, I classified Matsigenka and Yora sense vocabulary into four groups: the chemical senses of taste, irritation, and odor, plus a fourth group encompassing visual and tactile properties (Table 1) . I found this organization useful in organizing the data while remaining mostly faithful to indigenous concepts.
Comparing sensory evaluation of medicinal plants reveals marked differences between the two groups for some modes of sensation (Figure 4) . The Matsigenka place a strong emphasis on taste (22 percent of plant-illness pairs) and chemical irritation (25 percent); the Yora rarely note these features (less than 5 percent each). The Matsigenka's frequent use of bitter and pungent plants reflects allopathic efficacy concepts. The Yora pay more attention to visual and tactile properties (32 percent) than do the Matsigenka (13 percent) because in Yora homeopathy, medicinal plants look and feel like their illness-causing spirit owners. Odor is important for both groups (34 percent for the Matsigenka, 41 percent for the Yora), reflecting pneumatic efficacy concepts widespread in lowland South America (Wilbert 1986) .
Less than 5 percent of Matsigenka plant-illness pairs mentioned no sensory quality. By contrast, 18 percent of Yora plant-illness pairs mentioned no quality. Because of the clear mnemonic association (color, shape, texture, plant name) between many plants and their respective illnesses, some Yora felt no need to state the obvious by mechanically assessing plants. Some responded to my insistent questions about sensory properties with exasperation, "No one tastes it! No one smells it! It's just a medicine!" (Yora herbalist Inima, field notes, February 23, 1996) . Later I understood this hesitancy to taste, smell, and handle medicinal plants as a reflection of the concept of "rao": Because illness-causing spirits inhabit them, it is best to keep a safe distance.
The contrasting trends in sensory evaluation are consistent with different modes of plant administration for the two groups ( Figure 5 ). Tastes were attributed to less than five percent of Yora plant medicines, and only six percent are ingested orally. By contrast, 35 percent of Matsigenka plants are ingested orally, reflecting the emphasis placed on taste. Painful, irritating drops applied to the eyes account for another nine percent for the Matsigenka. Both groups use a smaller number of odorous plants as inhalants. External applications (compresses, poultices, baths, direct rubbing) account for nearly 50 percent of Matsigenka plant-illness pairs, compared with 82 percent for the Yora. For the Yora, the primary mode of plant administration is the warm compress (paiki) applied to the affected part in order to draw illness out of the body. Dark or reddish discoloration of the decoction is a sign that the pathogenic agent has been drawn out, and steam leaving the patient's body represents the spirit owner of the medicine-as-illness returning to the forest.
Taste
Taste perception has a clear evolutionary function (Scott and Plata-Salaman 1991) , allowing organisms to identify electrolytes and organic compounds and thereby acquire energy (sweet), maintain electrolyte balance (salty), control pH (sour), and avoid toxins (bitter). Most research has focused on these "basic four" or "primary" tastes, but debate remains over how many taste primaries exist, or whether they exist at all (Bartoshuk 1978; Doty 1986; Scott and PlataSalaman 1991) .
The Matsigenka and Yora data call into question the universality of the four primary tastes. Both languages merge sweet and salty taste into a single term (Matsigenka: pocha;Y ora: wata).
5 John Brett (1994:143) and A. F. Chamberlain (1903) have noted a similar phenomenon in other Amerindian languages. Curiously, psychophysical studies of sodium deprivation document a shift from salt-to sweet-sensitive neurons; in other words, "salt should now taste 'sweet' " (Scott and Plata-Salaman 1991:357) . Overlap between sweet and salty taste in these vocabularies may reflect this physiology. The Matsigenka and Yora nonetheless recognize qualitative differences between sweet and salty: Unpalatably high concentrations of salt are distinguished as sour (M: kacho)o rbitter (Y: moka), while high concentrations of sugar remain sweet (M: pocha;Y :wata) and palatable. Traditionally, sensory scientists have treated astringency as a tactile sensation, not a pure taste. Though recognizing the tactile effects of astringency (M: tine;Y : tsimo)indrying, puckering, and drawing together (M: otinetakeri) the surface of the tongue, both groups consider astringency to be a component of bitter taste.
Despite these general similarities, important differences are found in how the two groups use taste to assess medicines ( Figure 6 ). Because the Yora do not commonly ingest herbal infusions, they are unaware of-indeed indifferent to-the taste of most medicinal plants. Other than a few species of bitter (moka) hallucinogens and emetic plants, Yora medicines are not generally attributed taste qualities. frequently encountered sensory quality. Extremely bitter plants are considered too toxic to ingest but are applied externally to treat skin conditions. Moderately bitter and astringent (tine) plants are taken orally to treat gastrointestinal conditions. The Matsigenka consider bitter plants too toxic for young children to ingest, so sour (kacho), tart, or sweet (pocha) plants are used instead. Bitter and sour plants are unpleasant, irritating, and painful (katsi) to illness agents, embittering (okepishitakeri) or souring (okachotakeri) the gut or other affected part. Astringent plants are likewise unpleasant to illness, puckering and tightening body tissues while drying and gathering together (otinetakeri) the pathogenic agents into discrete clumps. Unpleasant-tasting plants hurt (okatsitakeri), overwhelm (agaveakeri), kill (ogamagakeri), and expell (ovuiokakeri) illness agents in a clearly allopathic model of efficacy.
Irritation
The trigeminal nerve system detects chemical and physical irritation (temperature, texture, pressure, pain) throughout the face. These sensations are registered and transmitted independently from taste and odor, although they may contribute to holistic flavors and smells. Responses to trigeminal nerve stimulation are "among the strongest in the body" (Silver and Finger 1991:104) , evoking reflex reactions such as sneezing, gagging, salivation, tears, sweating, flushing, and instinctive withdrawal. Such responses ensure that noxious substances are quickly and automatically rejected and flushed from the nose, eyes, and mouth. However, pain and pleasure can be linked through physiological mechanisms and cultural habits. Pungent condiments such as chili peppers may produce a euphoric rush of endorphins, craved by habitual users (Rozin 1990:258) . Social pressure and cultural values play a fundamental role in constructing individual preferences for physiologically irritating spices, foods, and social drugs. Especially in the context of medicine, noxious substances are reinterpreted through culture and sought out for their long-term benefits (Brett 1998) .
Unlike the English "spicy-hot," emphasizing temperature, Matsigenka and Yora terms for pungency mean literally "painful" (M: katsi;Y :pae). In their definitions, informants noted classic trigeminal responses (sneezing, sweating, tears, etc.) throughout the face. The Yora term pae (painful, pungent, strong) also refers to poisons and intoxicants (M: kepigari). A few species of emetic plants are used by the Yora as body tonics, while ayahuasca and its admixtures are used in shamanism. These few species account for the rare encounters of pungency-toxicity (pae) in Yora medicine (Figure 7) .
By contrast, pungency is noted frequently in Matsigenka medicines. Peppery (katsi) plants treat dental caries by hurting and killing the microscopic worms (tsomiri) blamed for dental decay. Plants with pungent odors (katsienka) are inhaled for respiratory conditions. Caustic plants are used externally to treat skin conditions, snakebite, and insect stings (see Figure 2) . Stinging eye drops are used for eye infections, to control dreams and emotions, and to improve hunting skills (Shepard 2002b (Shepard , 2002c . Emetics, purgatives, hallucinogens, and other toxic (kepigari) plants purify the soul and expel pathogens from the body.
Odor
Most intimate of the senses, odor is also the least understood (Doty 1991) . Primary processing of odor signals takes place outside the brain within the olfactory bulb, the so-called primitive nose. Physiological research has demonstrated basic similarities in the structure and function of the olfactory bulb throughout vertebrates and higher arthropods (Ache 1991; Scott and Plata-Salaman 1991) . Olfactory impulses are processed within and outside the brain, making multiple connections with other sensory and cognitive pathways. The result is a complex processing of odor stimuli, drawing on other sensory information as well as prior experience and expectations.
Pheromones and other odorous compounds are found in the chemical communication systems of many animal species, especially for group recognition and mate choice (Mykytowycz 1986) . Fragrance also plays a decisive role in the coevolution of plant-animal interactions, notably pollination and seed dispersal (Gilbert and Raven 1975) . In humans, odors may be involved in menstrual synchronization, sexual attraction, and mother-child bonding (McClintock 1971; Russell et al. 1980) . The human nose can detect certain odors at concentrations of less than one part per 100 billion, levels not measurable by gas chromatography (Dodd and Skinner 1992) . Some odors cause subtle and poorly understood effects on mood, concentration, and physiological parameters. Odor memory is particularly vivid, evocative, and emotional (Lenti Boero 1994) . Human response to odors is strongly influenced by individual experience and cultural conditioning (Doty 1986; Wysocki et al. 1991) . Odor is important in many societies' concepts about sexuality, gender, and social status (Classen 1992; Jellinek 1994) .
Even more so than for taste, the search for "primary odors" has proven almost impossibly elusive. Roland Harper notes: (Table 1 ). But differences are also noted: Yora includes unique terms referring to the odor of urine (chiko) or the semen-like odor (axo) of some plants; Matsigenka includes synesthetic terms for "bitter" and "toxic" odors (kepishienka, kepigarienka), reflecting allopathic notions.
Odor is important to the Matsigenka and Yora in identifying and evaluating all plants and is the most frequently mentioned general sensory property (Figure 8 ). Odor is also important in both groups' understandings of illness and therapy. The Matsigenka term for odor (oenka) also refers to smoke, vapor, steam, mist, breath, speech, and language. The Matsigenka conceive of many illnesses as foul-smelling odors or vapors that rise from the bowels of the earth where demons reside. These are released into the atmosphere by landslides or seismic activity, 7 causing "yellow vapor in the sky" (kiterienka) and other meteorological phenomena. With rainfall or fog, illness "falls as mist from the sky" (oparienkatake), adhering to the skin and entering the body through the nose, mouth, and eyes. This etiology pattern is associated with epidemic and seasonal illnesses (e.g., respiratory, gastrointestinal), and implies a naturalistic, germlike theory of contagion that is nonetheless linked with cosmological and spiritual beliefs.
The Matsigenka associate many childhood illnesses with the attack of foul (shiti) or musk-smelling (enkaga) demons and animal spirits. When a hunter kills a strong-smelling or carnivorous game animal, its spirit seeks revenge (Shepard 2002b) . The vengeful spirit, transmitted through the musk odor (enkaga) of the animal's meat and scent glands, attacks vulnerable family members, particularly infants, even if they did not themselves consume the meat. To protect babies, Matsigenka women rely on a sizeable arsenal of aromatic and succulent herbs steeped in water in small ceramic pots. The fragrant (kasanka), somewhat viscous infusion is heated and used to bathe newborn babies several times a day (Figure 9 ). The fragrance of Myrtaceae species and the gingerlike sedge root (Cyperus spp.) creates an aromatic force field around the child, keeping malodorous spirits and illness-causing vapors at bay.
The Yora use more than 30 species of plants as body perfumes and adornments, displayed prominently in bracelets worn around the upper arm (postameti; see Figure 10 ). Their fragrance (ini) attracts members of the opposite sex, dispels unpleasant body odors, and enhances social interactions by imitating the fragrant Xoma spirits. Illness-causing yõshi,on the other hand, smell foul or rotten (pisi), like the carrion odor (wiya) of the Dyctophera stink-horn mushroom known as "yõshi's mane" (yõshi maxko). The Yora attribute certain FIGURE 10. Yora, Yaminahua, and other Panoan peoples use dozens of fragrant plant species as perfumes and body ornaments (1996). ( c G. H. Shepard Jr.) gastrointestinal illness to unpleasant odors (urine, feces, scorched animal fur) that enter the body through the nostrils and mouth and descend to the stomach, causing discomfort, gas, and diarrhea. The fern species known as "urine stench medicine" (iso chiko rao) is said to smell like urine and is used as a warm compress to treat stomachaches caused by strong urine odor: Again, like treats like. The Yora consider the rank, nauseating odor of Monimiaceae species to be "strongly fragrant" (ini pae) and believe it causes convulsions; by homeopathic rationality, the same plants are used as compresses to treat epilepsy. In contrast, the allopathic Matsigenka ingest large amounts of a "toxic-smelling" (kepigarienka) Monimiaceae infusion for snakebite, purging the venom through violent bouts of blood-laced vomiting.
Both groups use a number of fragrant (M: kasanka;Y : ini) plants as perfumes and love charms to attract members of the opposite sex. Many have strong, almond-like or anise fragrances. The Yora are open about using love charms as a normal part of body adornment and social interaction while the Matsigenka denounce (at least in public) love charms as a form of sorcery introduced by foreigners. The Matsigenka say that the powerful, intoxicating fragrance (kepigarienka) of perfume plants overwhelms the victim with misguided, "toxic" passions, resulting in social disruptions and body-mind symptoms including dizziness, heart palpitations, nightmares, depression, and even insanity. The Matsigenka use fragrant Myrtaceae species (like those used to bathe babies) as antidotes to the intoxicating fragrance of love potions.
Nonchemical (Visual and Tactile) Properties
Nonchemical qualities, mostly visual and tactile properties, can indicate therapeutic power in both Matsigenka and Yora medicine (Figure 11 ). Succulent plants provide the Matsigenka baby-bathing infusion with a viscous (tsire) texture that makes the fragrance adhere to the baby's skin. Some Matsigenka plants are said to have juice like cold water (katsingaari), which is used to cool the pain of sore throat, earache, and eye infections.
Both groups value a number of plants with red, bloodlike (M: iraatsi;Y : imi keskara) latex or juice in the treatment of illnesses associated with blood: bloody diarrhea, menstrual cramps, postpartum hemorrhages, and arrow wounds. Yet when Matsigenka informants note red juice in such plants, they often mention other efficacious properties (bitter, astringent, or sweet taste) as well. For the Yora, red color is often mentioned as the sole efficacious property.
Visual cues are especially significant in Yora medicine, reflecting strong homeopathic tendencies. Several Gesneriaceae (African violet) species with pink, eye-shaped leaves are used to treat eye infections ("pink eye") because of their suggestive shape and color. Some twenty spiny plants from different botanical families are used to treat fever, pain, inflammation, headache, toothache, and "heart pain" (õitisi), illnesses symbolically associated with wasps and other stinging insects (see Figure 3) . A number of latex-containing plants belonging to several botanical families are believed to both cause and cure diarrhea: The watery latex is associated with watery diarrhea. Of the large number of latexcontaining plants in the environment, however, the Yora use only a few species from a limited number botanical families: These include Apocynaceae (dogbane), Asclepiadaceae (milkweed), Caricaceae (papaya), and Moraceae (fig) families, all well known for medicinal properties. Thus factors other than visual symbolism may be involved in their medicinal use. Ultimately, visual and other sensory cues may serve as "Nature's Madison Avenue" (Shepard 2002a) , facilitating memorization of medicinal plant knowledge in orally transmitted systems.
MEDICINAL PLANT SELECTION: ECOLOGICAL CONSIDERATIONS
The Matsigenka and Yora systems of herbal therapy function according to largely different logical principles. Nonetheless, a mere 17 of 164 locally occurring botanical families account for 65-69 percent of all medicinal plant species collected (see Table 2 , Summary). Regression and residuals analysis following Daniel Moerman (1991; Moerman et al. 1999) demonstrates a statistically significant correlation between the two pharmacopoeia (Pearson's coefficient of correlation 0.66, p < 0.05; Shepard 1999; 2002a) . Moreover, 33-59 percent cross-cultural overlap is found between the sensory properties (especially odor) and use categories attributed to these botanical families (Table 2: summary). The relatively small number of identical plant species shared between the two pharmacopoeia (81 species, 18 percent of the total 456 species collected) of these neighboring indigenous groups attest to the high degree of cultural isolation between them. Yet divergent and, perhaps, independent cultural processes of plant selection nonetheless resulted in a similar choice of plant families.
Ethnobotanists have used ecological apparency theory to interpret worldwide patterns of medicinal plant use. Apparency theory posits that certain plant families are more apparent in the environment and thus susceptible to herbivory (Feeny 1970) , evolving toxic chemical defenses that contribute to a higher frequency of medicinal usage (Gottlieb et al. 1996; Moerman 1991) . As generalist consumers, humans have poor biological adaptations for detoxifying plant defenses, relying instead on cultural adaptations such as cooking, processing, and selective breeding to minimize their exposure to toxins in food plants (Johns 1990:19) . The chemical senses in humans were perhaps first used to detect and avoid toxic plants. Through mechanisms that are poorly understood, people began using their chemical senses to seek out toxic and other bioactive plants as medicines (Brett 1994:105) , taking advantage of chemical constituents that may have coevolved in plant-animal interactions.
Such considerations may explain why Rubiaceae (the alkaloid-rich family of coffee and quinine) emerged in first place in the regression analysis for both the Matsigenka and Yora data, showing some overlap in medicinal use despite relatively little concordance in the ascribed sensory properties (see Table 2 ). Both groups use the Menispermaceae (botanical source of curare) and Apocynaceae (source of the Matsigenka (65%) Yora (69%) * * * Family among top five in regression ranking for both groups; * * family among top ten for both; * family among top twenty for both. + Family "split," high ranking for one group, low ranking for other. † Abbreviations for botanical families: ACA-Acanthaceae; APC-Apocynaceae; ARA-Araceae; ASC-Asclepiadaceae; AST-Asteraceae; BIGBignonaceae; FAB-Fabaceae; FLA-Flacourtiaceae; GES-Gesneriaceae; MEN-Menispermaceae; MON-Monimiaceae; MYT-Myrtaceae; NYCNyctaginaceae; PIP-Piperaceae; PTE-Pteridophyta (ferns); RUB-Rubiaceae; SOL-Solanaceae.
cancer drug vinblastine) for skin conditions, despite little or no cross-cultural agreement in sensory properties. Despite culturally variable efficacy concepts and sensory bias, both groups have discovered or adopted these alkaloid-rich plant families for similar medicinal uses.
In some cases, the overlap between Matsigenka and Yora medicinal plant families may arise from crossculturally shared assessments of the plants' inherent sensory properties. Both groups ascribe similar odor qualities to medicinally used species of Acanthaceae, Araceae, Bignonaceae, Monimiaceae, Myrtaceae, Piperaceae, Pteridophyta (ferns), and Solanaceae (Table 2) . Both also note the salient red or purple leaf colors in Acanthaceae, Gesneriaceae,and Nyctaginaceae used medicinally. Thus, sensory apparency may also contribute to the observed overlap in medicinal plant families. In other cases, sensory apparency may explain cross-cultural differences in plant use. The spines and blood-red sap common in Fabaceae are highly apparent to homeopathic Yora sensibilities but are less so to the Matsigenka, contributing to a much higher ranking among the Yora; likewise, the bitter taste of many Asteraceae (daisy family) and the toxicity of Solanaceae (nightshade, tobacco family) appeal more to allopathic Matsigenka sensibilities, resulting in a higher ranking of these families among the Matsigenka. An appreciation of sensory bias in medicinal plant selection permits more nuanced ethnobotanical comparison and could contribute to a better understanding of the origins of human medicine.
TOWARD A SENSORY ECOLOGY
Taste and odor as well as visual, tactile, and auditory perception in waking life and altered states of consciousness all play a role in how the Matsigenka and the Yora describe illness, evaluate plant medicines, and respond to therapies. The sensory evaluation of medicinal plants provides healers with information about chemical and other properties that are deemed efficacious within a given cultural context. Sensory evaluation may also serve a mnemonic function: Plants that are both empirically effective and easy to remember are more likely to be retained in oral traditions. Many of the plants used by the Matsigenka and Yora appear to contain pharmacological or other empirical properties that affect the human mind-body in ways that are consistent with cultural understandings of efficacy. Despite tremendous differences in the way these two unrelated groups understand and administer medicines, significant similarities were noted in the plant families used medicinally. It remains unclear what combination of cultural, historical, and ecological processes contribute to this convergence, however cross-culturally shared sensory assessments (especially odor) of some botanical groups may be a factor.
In a past special edition of the American Anthropologist, Aletta Biersack (1999) characterized the "new ecologies" emerging in contemporary anthropology: symbolic ecology, historical ecology, and political ecology. Synthesizing cultural ecology, symbolic anthropology, and political economy, such approaches attend to "the textual and the semiotic, on the one hand, history, politics, economy, and biology, on the other" (Biersack 1999:11) . Here, I propose a fourth "new ecology": sensory ecology. Rather than falling into the pitfalls of older dichotomies, sensory ecology would be equally interested in cross-cultural variation and similarities and should incorporate physiological understandings and cultural constructions of sensory perception within a broad, biocultural model addressing humanenvironment interactions. Such an approach could prove productive for a broad range of anthropological topics.
Sensation is a complex biocultural process through which humans acquire information about their environment. Taste, olfaction, and other senses play an important but poorly studied role in diet, medicine, religion, memory, social and gender relations, sexuality, and other areas of human activity. While firmly rooted in physiology, sensation is also shaped by individual experience, cultural preconditioning, and environmental variables. The senses convey the experience of illness and influence how people respond to empirical therapies and rituals. Depending on the cultural setting, certain sensory modes can mediate between the individual, social, environmental, and spiritual realms of experience. An interdisciplinary approach to sensation could lie at the heart (or olfactory bulb) of a new anthropology of the body. GLENN H. SHEPARD JR National Institute of Amazonian Research (INPA), Manaus, Amazonas, Brazil 69083-000 NOTES
